METHOD OF DETECTING TENSION WIRE BREAK IN CONCRETE POLE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of detecting a tension wire break in a concrete 

pole. 

2. Description of the Related Art 

Generally, concrete poles are widely used for supporting power distribution lines and 
other electric wires such as, for example, communication lines provided by Nippon Telegraph 
and Telephone Corporation (NNT), etc. and overhead contact lines for railroads and used for 
installing lighting systems, traffic signals, golf nets, antennas, and the like. This invention is 
particularly suitable for testing of concrete electric poles. Concrete electric poles are widely 
used for electric power distribution lines in numerous countries. The poles are generally 14 to 15 
meters in height and are made in the shape of a tapered cylinder with an approximately 50-mm 
thick concrete wall. The outside diameter of the pole is typically about 20 cm at the top end, the 
diameter increasing to about 40 cm at the bottom end. In the middle of the concrete wall, the 
pole typically contains 12 to 20 tension wires that are arranged around the circumference with 
equal angular spacing and run longitudinally along the entire length of the pole. Additionally, 
the concrete wall of the pole contains a number of rebar that are placed between tension wires 
and run longitudinally from the bottom end of the pole but not through the entire length. Typical 
diameters of the tension wires and rebar are 7 mm. The tension wires are prestressed during 



concrete casting and curing ,o supply bending sttengft to the concrete pole needed to 

withstand up to hurricane-force winds. 

During the long service Ufe of a concrete electrtc pole, stress corroston cracking (SCO 

can develop in the tension wires due to water seeping through cracks ir. the concrete wall and 

becoming tapped around the wires. The SCC generally produces a ..ght fraouore in tension wire. 
When a pole contains broken tension wires, its bending strength is significantly weakened and, 
unless replaced or strengthened, i, could suddenly fail under gusty winds that may result in 
serious accidents. To ensure the structural integrity and safety of a pole, toe aging concrete poles 
need to be inspected for the presence of broken tension wires using a suitable nondestructive 

evaluation (NDE) method. 

As shown in FIGS. 1 and 2, in order to obtain a deflective strengtti necessary to resist a 
bending moment, a concrete pole has a >es.ressed" structure for imparting a compressive stress 
.oaconcrete, in whichahigh-strengttr wire such asapiano wire is cast inamoldinatensioned 

manner. FIG. 1 shows load imposed on supporting structure, including wind load I, tensile load 
2 and compressive load 3. FIG. 2 shows cross sections of a typical concrete pole at two levels, at 
8 meters in he.ght 7 and at 2.4 meters 8. Inside the pole are tension wires 4 and non-tension 
wires 5. If a tension wire is broken due to corrosion or the like, the concrete pole becomes 
reduced in deflective strength, which may lead to a breakage accident. Titus, a technique for 
nondestructive detection of a wire break is desired. 

Even if the tension wire which is a high-tension steel is broken due to stress-corrosion 
cracking, the w,re excluding a broken portion is held by tire concrete without displacement, and 
also protected by an alkali contained m tt>e concrete to thereby exhtbiting no sectional 
phenomenon. The broken portion has only a sUght gap. and is therefore not easily detected. 
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break of *e .« wire car, be detected by me^ of radiography. However, in 
order .o drscover a wire brea. .ha. canno. be specified as .0 where ttre brea. occrr. in .he 
ooncrere pole having a leng.b of ex.endi„g up .0 .ena of rnCers. many radiographs are needed 
because a coverage per radiograph is iinrired. In addiHon. a si.e where dre radiography rs 
perfonned n,us. be se. up as a con.oiled area, so dra. i. rs substanUaily in,possib>e .o perfomr *e 

radiography in an urban area. 

Eddy curren. .es.i„g (ECT) or ulttasonic resting (UT) can also be used .o detect 
conditions of the wire inside *e concrete pole. However, the gap between broKen ends of a wrre 
is small, and the inspection is necessarily performed through concrete having a *icl=ness of 

^dUTaprohe needs to be moved whilebeinginclose contact wiUr the outer surtaceotdre 

bands. Even in the case widtou. obstacles, dre probe is moved slowly in a longitudinal direction 
of the pole, thereby requiring much thne for dre inspection. 

CTT^JIV^ARY OF TNVF.NT10N 

U, view of the above, an object of dre present invention is to make it possible u> detect 
rensionwirebreaksinaconcretepolehtashortperiodoftimewidroutscamringalongtheentne 

concrete pole with a detection device. 

To achieve d>e above-menUoned object, a pulse of relatrvely low frequency (typicaUy 
about 10 to 20 kHz) mechanical wave called a guided wave is generated in a wire, and 
propagated in its longitudinal direction, and signals reflected f^m dre ends ofthe concrete pole 
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end.eflec.ed signal. The presence, and U.e lengthwise position, ot broken w.res are de.enn.ned 
ft„„ me s,^a.s occurr-ng before *e end signal and .heir amval tin,e. Anrong n,e*ods of 
ge„era«ng a guided wave, a n,e*od using „a^e.osUic.ive sensors (MsS, (hereinafter, refe^d 
.o as "MSS n.e.hod") proposed by researchers a. Sou.hwes. Research h.Uh«e (SwRI), makes i. 
possible ^ a guided wave pulse is exCed in a w,re in a noncon.ao. manner *ro«gh n.agne«c 
coupling, and also «,a. arefleCed pulse is de.ec.ed in a noncon^c. nranner. U.S. Pa.en. Nos. 

5.456,113, 5,457,994, 5,581,037, and 5,767,766 describe U.eMsS n,e.hod, and a. incorpora.^ 

herein by reference. 

The presen. inven.ion is a special applica«on of d.e above MsS n.e*ods modified for 
concre.epole.ensionw.ei.pec.ions.Whilesuch.es..ngofexposedwireshasbeenprevious.y 

effeced. such .esHngofwires embedded in concre.ehasno.onlyno.beeneffec.ed.bu. was 

previously thought impossible. 

FlG 3 shows a bias magnetic field coil for genera.ing a static ma9>e.ic Held in a 
,„ngi.ud.na, dnection using a DC current and a probe coil installed .o ti.e vicini.y of a .op end 

(portion having only .ension wires witi.ou. rebars) of a concrete pole. PIG. 4 shows a sys^n, 
nnt. for dnving^e probe coi,.apersonalcon,pu.erwi.h.eyboardforco.lectingda.a.andabias 

magnetic field coil power supply. 

ttan AC pulse is applied to .he probe coil. U,e magnetic field in tire axial direction is 
Changed, and a wave of condensa.ion and rarefaction is genera.ed in fte axial direction of tire w.e 
dueloama^CosMCiveeffeCobepropagared asti,e guided wave.hr .he case witi.ou.abr„ken 

Generally, 12 «, 20 .ension wires are embedded inside a concreie pole, and it multiple wires are 
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broken a. .he same position in *e longi«.dina, direcUon. a reflected signa. having a strength 
correspondtng to the nun,herofbro.enwtoswo„.dbe obtained. If many numbers of wtres are 

brCen a signal reflected fton, the end portion wouid be wealcer. ,f most of the wires are broken, the 
sr^a, reflecHon at the end porton would substantiall, disappear. Accordingly, the level of the w,re 
break could be determined based on the broken-wire signals and decrease in the end-reflected 

signals. 

According to the method of the present invention, from a single tea, location on a concrete 
pole without rcuiring scanning along the length of the pole and wUhout direct contact to the tension 
wires wire breaks in al, the tension wires in the concrete pole are simultaneously examined, m a 
sbort period of time. The above approach examines all tension wires sinrultaneously. Wore, 
When broken wire signals are detected, which individual wires among them are broken can not be 
iaentiBed ftom the data, h^dividual broken wires could be identified by using the encircling cotl 
probe in Fig. 3 as the transmitter of the guided waves and aU-shaped probe mustrated m Fig 6 as a 
separate receiver that is scarfed around the ci^umference of the pole for the maximum broken w» 
signal. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 a diagram of a concrete electrical pole; 

FIG 2 shows a schematic of the interior of a concrete electric pole; 

FIG.3showsabiasmagnetic field con andaprobe coil installed on the top endofaconcrete 

pole; 

FIG. 4 shows a system unit, a persona, computer, and a bias magnetic field coil power supply 

for the apparatus of FIG. 3; 
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FIG. 5 shows a graph of data collected during testing of a concrete pole; 

FIG. 6 shows an apparatus of the present invention for testing of an individual tension wire. 



DETAILED DESCRIPTION OF THE INVENTION 

Tire inventive apparatus and method are now descnhed. The first step involves installing the 
MsS and DC hias electromagnetic (EM) coils a„>u.d a concrete pole at an appropriate locaUon and 
hei^t ahove the top ends of rehars so that guided waves are generated only in tension wires and not 

in rebars. 

When an AC pulse ,s applied to the prohe coil, the magnetic field in the axial direction is 
changed, and a wave of condensation and rarefaction is generated rn the axial direcUon of the wire 
due to a magnetostrictive effect to he propagated as the ^ded wave. In the case without a bro.en 
wi. a signal reflected only ftom an end portion otUre concrete pole is detected, and in the case 
wherethe wire ishroken.asignal reflected ftomaposition Where the Wire is hro^en is detected. 

Generally. 12 to 20 tension w.es are embedded inside a concrete pole, and if a plurality of wires are 
broken at the same position in the longitudinM direcUon, a reflected si^al having a strength 
corresponding to the number of broken wires would be obtained. If many numbers of wires are 

signal reflectton a. the end portion would substantially disappear. Acconlingly. the level of d>e wue 
break could be determined based on the broken-wire signals and decrease in the end-reflected 

signals. 

FIG. 3 shows MsS coils U and DC bias EM coils 15 that are instiled on a concrete pole 12 
havingtension wires ISoontained therein. The MSS coilsMare supplied wtthahigh-f^e^uency 

pulse for generating a gutded wave fh,m a system unit 9 shown in HG. 4 via a cable (no. shown, 
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FIG. 4 shows a system urn. 9. a personal compu«r 10 for conttoUmg .he system unit 9 and for 
collecUng. storing, and analy.tng data, and ablas magnetic field coil power supply 11. Referring 
back to FIG. 3, the MsS coils 14 also detect the reflected signals, which are then ampUfied. filtered, 
recorded, and displayed in the system tmits 9 and 10. 

The DC bias EM coils 15 are supphed with a DC current from a bias magnehc field coil 
power supply 1 1 via a cable (no, shown). When sufficient DC electric cunent is apphed to the EM 
coils 15 a suit^le level of DC bias magnetic field 16 needed for generation and detection of 
longimdinal (L, mode guided waves is estabhshed in the tension wtres 13. UnUzing the direction 

the bottom end of tite concrete pole 12 and signals are reflected back from the ends of broken wires 
and from the bottom end of the pole and detected by the MsS coils 14 and subsequently by the 
system unit 9. In a subse,uen. action, guided waves are launched along the tension wires toward the 
top of the pole 12. Si^ are reflected back from the ends of broken wrres and from the top end of 
the pole and detected by the MsS coils 14 and subsequently by the system unit 9. 

nre signals r^eived by the system umt are ^alyzed for the presence of broken tension 
wires, including their numbers and locations along the pole length. 

FIG 5 shows data that were obtained during testing of a concrete pole when 3 tension wires 

cut portion 3.4 m forward from a probe setting position (0 of the abscissa) becomes stronger as tire 
number of cut wires grows. Simultaneously, it is also observed tirat a signal at an end portion (top 
end)4.1mforward from theprobesettingpositionbecomes weaker as thenumber of cut wires 



grows. 
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AS iUustrated tonG. 5, the MsS coils were installed at an approximately 4.11 meter distance 
fiom the top end of the pole and a 20 kHz L-mode guided waves were launched toward the top end 
of the pole. The data were then acquired before and after placing cuts in the tension wires 
approximately 0.7 meters from the top end of the pole. The data demonstrate that (1) guided waves 
can be generated and detected in the tension wres usrng the mvented method and apparahrs and (2) 
that inspection of entire concrete poles for broken tension wires can be achieved from a single test 
location. The data also show that (1) a 1-tension wire cu, produced detectable signals, (2) if multiple 
wires were cut at the sanre axial location along the pole, the wire-cut signal increased its amplitude, 
and (3) the signal reHected from the end decreased in amplitude with an increasing number of wires 



cut. 



As can be seen in FIG. 5, the presence of broken wires is determined by detecting either 
individual broken wire signals, or the decrease m the end reflected signal ampUn.de, or both. 
Individual broke wire signals are used to determine the number of broken wires and ttreir axial 
locations along the pole length. With suitable calibration, the end-reflected signal is used to 
determine dre total number of broken wires in pole, but not their axial locations. Because the data 
show signals from all tension wires m the pole shnultaneously, angular positions of the broken wires 
around the pole circumference can not be determined from Uie data. 

In addition to the simultaneous inspection of all tension wires in a concrete pole, the 
condiUon of individual tension wires can also be determined by using a U-shaped MsS probe 
illustrated in FIG. 6 as the siptal detector. The MsS probe consists of a U-shaped core 1 8 (typically 
made of territe) with coils 17 wound around the two legs of the core in opposite direction to 
minunize the common-mode electromagnetic noise (described in U.S. Patent 5.767.766). The 
angular positionof an individual tension wire is detennined by adjusting the circumferential location 
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.,.,..U-s.ape.MsSp.o.e.spe«.nUexpec.ea.o.esupeH.e^U>ecou„te.a„fo. 

MsScoUs...a«ve.s.a„„a.oU.e.a..s«.unano.e.e.e>an<>,.He.^ 

reliably detectable due to an msutficient signal-to-noi.e ratio. 

„«i„beappreciatedtba.vaxiatio„.andn,odif.caUonswiUbeco.eappare„t.ope.ons 

.a,edin.beat..S.cb — attd....— .ouldbeconsidetedto^allw..^ 



scope 



of tbe invention as broadly descnbed hereinbefore and as clainted he«inafter. 
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